Objective: To investigate the association between dietary behaviours and colorectal cancer (CRC) in the context of the Mediterranean diet. Design: Case-control study. Setting: All patients (cases) were recruited from Saint Savvas Cancer Hospital and Alexandra General Hospital in Athens, Greece. Controls were voluntarily selected from the general population and matched to cases by age group (610 years) and sex. Subjects: Two hundred and fifty cases with newly diagnosed CRC (mean age 63 (SD 12) years, 59?6 % males) and 250 controls matched on age and sex were studied. A standardized questionnaire assessing sociodemographic, clinical, lifestyle, dietary characteristics and nutritional behaviours was applied. Multiple logistic regression analysis was used to evaluate the aforementioned factors in addition to the MedDietScore (an index that evaluates adherence to the Mediterranean diet) on CRC development. Results: The higher the daily number of meals, the lower the likelihood of having CRC (OR 5 0?74, 95 % CI 0?61, 0?89); coffee drinking was associated with higher likelihood of having CRC (OR 5 3?27, 95 % CI 1?09, 9?8); the use of non-stick cookware was positively associated with CRC (OR 5 1?57, 95 % CI 1?02, 2?4). However, these associations slightly lost their significance when adherence to the Mediterranean diet was taken into account. Moreover, a 1/75 increase in the modified-MedDietScore plus the aforementioned nutritional behaviours was associated with 13 % lower odds (95 % CI 0?83, 0?91, P , 0?001) of having CRC. Conclusions: Nutritional behaviours in addition to dietary habits should be taken into account in detecting individuals prone to the development of CRC.
According to GLOBOCAN data from the International Agency for Research on Cancer on incidence of major cancer types, colorectal cancer (CRC) ranked the third highest worldwide in 2008. Based on the same report, CRC incidence was in first place in Europe and in third place in Greece (1) . In the last two decades nutritional epidemiology has turned its interest from the study of nutrients and foods to the holistic approach of relating diet to chronic diseases, based on the fact that people consume a variety of foods with complex combinations of micro-and macronutrients (i.e. dietary patterns) and not single nutrients (2) . A healthy overall dietary pattern approach is now considered to be the cornerstone for the prevention of CVD, cardiometabolic disorders (2, 3) and some types of cancer, such as of the breast, colorectum and upper aerodigestive tract (4) (5) (6) (7) (8) (9) (10) . The most well studied and documented dietary pattern, mainly concerning CVD, is the Mediterranean diet. However, some dietary behaviours, like drinking coffee, adding salt at the table, salted foods, meal frequency and cooking procedures, have not been included in dietary patterns, although they have been associated with the development of chronic diseases, like cancer. Specifically, epidemiological studies have shown that high intake of calcium and vitamin D (11, 12) seems to have a protective effect on CRC risk and coffee intake (13) (14) (15) a conflicting effect, while frequent meals (16, 17) and systematic physical activity (18, 19) probably have modest protective effect. Added table salt or salted foods have been highly correlated with gastric cancer, but not with CRC. Despite this finding, a low-sodium diet is considered to be beneficial for human health (20) . Furthermore, nonstick cookware, and specifically the coating, has been related to several types of tumour in animal studies, mainly due to the release of perfluorooctanoic acid (PFOA) and perfluorooctanesulfonate (PFOS) (21) . There is also a concern due to the fact that non-stick cookware is mostly used for cooking at high temperatures, which is in turn related to increased production of heterocyclic aromatic amines (HCA) and polycyclic aromatic hydrocarbons (PAH). HCA and PAH have been found to interact with the polymorphisms in carcinogen-metabolizing enzymes (22) . Thus, although a healthy dietary pattern may be associated with cancer prevention, it remains unclear whether the diet as a whole, the specific components of the pattern or other nutritional behaviours are responsible for this effect (10) . Taking also into account that computer simulation models have underlined the importance of lifestyle modificationfinding that it could have a comparable, or perhaps even greater, up to 50 %, impact on CRC mortality rates compared with increased chemotherapy use during the next 10-20 years (23, 24) -the role of dietary habits and behaviours in cancer development is potentially substantial.
Thus, the aim of the present work was to evaluate whether certain dietary behaviours, i.e. number of meals consumed daily, use of table salt, consumption of meat products highly preserved in salt (like ham, bacon, sausages), coffee and tea drinking, times of fast food consumption per week, intake of vitamin or other dietary supplements and use of non-stick cookware, are associated with CRC development in the context of a healthy dietary pattern, the Mediterranean diet.
Methodology
Study design and sample This is a case-control study that was conducted from December 2009 to December 2010. The study enrolled 500 participants (mean age 63 (SD 12) years, 59 % males); of them, 250 were patients with a first diagnosis of CRC who consecutively visited Saint Savva Cancer Hospital and Alexandra General Hospital in Athens (cases) and 250 were individuals without any clinical symptoms or signs of any type of cancer in their medical history as evaluated by the study's investigators (controls). Cases were selected from the admission list of the aforementioned hospitals and the diagnosis of first developed CRC was defined by biopsy after surgical resection. Controls were voluntarily selected from the general population (i.e. workplaces or home) and were matched to the cases by age group (610 years), sex and area of residence. Data for both cases and controls were collected through face-to-face interviews, by the investigators of the study. The participation rate of those enrolled was high, reaching 95 % for cases and 80 % for controls.
The number of individuals enrolled (n 500) was decided through power analysis, in order to evaluate (two sided) odds ratios equal to 0?75 with statistical power greater than 77 % at significance level less than 5 %. The investigators of the study were all trained and performed the evaluation of clinical symptoms and signs in the series of cases and controls.
Bioethics
Before the face-to-face interview, all participants were informed about the aims of the study, agreed to give the requested information and signed an informed consent. The study's protocol was approved by the hospitals' ethics committees (no. 15299/416/22-12-2009).
Assessment of certain nutritional behaviours and adherence to the Mediterranean diet Participants completed a standardized questionnaire that was developed for the purposes of the study and included demographic, clinical, lifestyle, dietary and nutritional behaviour questions. The dietary questionnaire used was based on a previously developed validated and repeatable FFQ. In brief, the FFQ included sixty-nine questions regarding the frequency of consumption of all main food groups and beverages usually consumed and seven questions regarding eating behaviours (25) . Among others, the questionnaire included questions about the number of meals regularly consumed each day (measured on a quantitative scale; i.e. 1, 2, 3, 4, 5, .5), use of table salt during daily meals (yes, no), frequency of consumption of meat products highly preserved in salt (like ham, bacon, sausages), coffee and tea drinking (i.e. in cups of 150 ml/d and type of coffee or tea consumed), times of fast food consumption per week, intake of vitamin or other dietary supplements, as well as use of non-stick cookware (i.e. never, sometimes, always). For the analysis, all reported types of coffee (instant, brewed coffee, Greek type, cappuccino or filtered, as well decaffeinated) were adjusted for 1 cup 5 150 ml and caffeine concentration of 28 mg/150 ml (with the exception of decaffeinated).
Adherence to the Mediterranean diet was evaluated by the MedDietScore (26) . In brief, the MedDietScore is an eleven-item dietary score that includes questions about the weekly or monthly consumption of the following nine food groups that characterize the traditional Mediterranean dietary pattern: (i) non-refined cereals (wholegrain bread and pasta, brown rice, etc.), (ii) potatoes, (iii) fruit, (vi) vegetables, (v) legumes, (vi) fish, (vii) meat and meat products, (viii) poultry, (ix) full-fat dairy products (such as cheese, yoghurt, milk); as well as: (x) olive oil use in daily cooking and (xi) alcohol drinking. For scoring the frequency of consumption of the aforementioned food groups the methodology proposed by Kourlaba and Panagiotakos was applied (27) ; in particular, for the food groups presumed to be close to the Mediterranean dietary pattern, scores from 0 to 5 were given for never to frequent intake, whereas for food groups that were considered to be away from the Mediterranean diet, the reverse scoring (i.e. from 5 to 0) was assigned. Based on the fact that a J-shaped association of alcohol drinking with cardiovascular risk exists, usual alcohol intake (i.e. red or white wine, beer, whisky or any other kind of liquor, i.e. typical Greek beverages like ouzo and tsipouro, in a glass equal to 100 ml, with an equivalent of 12 g of ethanol) was evaluated with a nonmonotonic scoring system (i.e. assigning a score of 5 for consumption of ,300 ml/d, a score of 0 for no consumption or for consumption of .700 ml/d, and a score of 4 to 1 for consumption of 600-700, 500-600, 400-500 and 300-400 ml/d, respectively). Specifically, for alcohol intake, data on consumption of alcohol (defined as daily alcohol consumption frequency) and the usual type of alcohol consumed were recorded for the last year prior to diagnosis. Thus, the theoretical range of the MedDietScore was 0-55 and higher values indicate greater adherence to the Mediterranean diet. Recently, the MedDietScore has been applied in patients with gastrointestinal tract cancers and showed good accuracy (28) . Furthermore, a diet and nutrition behaviour score (for simplicity, called the modified-MedDietScore) was developed that included the MedDietScore and the nutritional habits that showed statistical significance with the investigated outcome (i.e. number of daily meals, use of table salt, coffee drinking and use of non-stick cookware), as well. Specifically, concerning the nutritional behaviour components included in the modified version of diet score, daily coffee consumption was a variable where a non-monotonic function was applied assigning a score of 0 for no daily intake and scores of 5 to 2 for 2-3, 1, 4-5 and .5 cups/d. The daily number of meals followed a monotonic scoring system, giving a score of 0 for 1 meal/d and a score of 5 for .5 meals/d. Use of non-stick cookware and added table salt were scored using the reverse scale due to the fact that they seem to be related to cancer epidemiology, assigning the score of 5 when someone reported no use of non-stick cookware (no added table salt) and 0 for daily use of non-stick cookware (daily addition of table salt). Thus, the modified-MedDietScore theoretically ranged from 0 to 75; higher values of this score suggest greater adherence to the Mediterranean diet and healthier nutritional behaviours.
Other measurements Age and sex of the participants were recorded. Weight and height were measured using standard procedures and BMI (kg/m 2 ) was calculated as weight (in kilograms) divided by the square of height (in metres). Based on the fact that mean age-standardized BMI has increased globally since 1980 to 2008, representing a 0?4-0?5 kg/m 2 increase per decade in men and women (29) , a threshold of 27 kg/m 2 was used to define excess body mass. Physical activity status (sedentary; low active, expended energy ,16?7 kJ (,4 kcal)/min, i.e. walking slowly, cycling stationary, light stretching, etc.; moderately active, expended energy 16?7-29?3 kJ (4-7 kcal)/min, i.e. walking briskly, cycling outdoors, swimming moderate effort, etc.; highly active, expended energy .29?3 kJ (7 kcal)/min, i.e. walking briskly uphill, long-distance running, cycling fast or racing, swimming fast crawl, etc.) and smoking habits (i.e. current, former, ever or never, and cigarettes smoked per day) were also recorded. History of hypertension, diabetes, dyslipidaemia and family history of CRC were also recorded for both cases and controls. Metabolic syndrome was defined following the criteria of the National Cholesterol Education Program Adult Treatment Panel III (30) .
Statistical analysis
Continuous variables according to the clinical status of the participants are presented as means and standard deviations. Comparisons of components of the MedDietScore between cases and controls were performed using the independent-samples t test or the Mann-Whitney test depending of the normality or not of the tested variable. Multiple logistic regression analysis was applied to evaluate the studied nutritional behaviours as well as their additive role on the MedDietScore in relation to the presence of CRC; results are presented as odds ratios and their 95 % corresponding confidence intervals. The C-statistic, a measure of how well a prediction rule (i.e. the diet score) can correctly discriminate patients from controls, was also calculated (values close to 1 suggest good correct classification rate of the model). All reported P values were based on two-sided tests and compared with a significance level of 0?05. Statistical calculations were performed using the SPSS 18 statistical software package (SPSS Inc.).
Results
Dietary and nutritional behaviours in relation to colorectal cancer As can be seen in Table 1 , the number of meals consumed daily, tea drinking and the use of table salt after cooking differed significantly between cases and controls; whereas coffee drinking, consumption of meat products highly preserved in salt, times of fast food consumption per week, use of non-stick cookware and intake of vitamin or other dietary supplements did not differ between cases and controls. It should be mentioned that although tea intake differed between the two groups, overall tea intake was pretty low (less than 20 %) to be considered in further analyses.
However, residual confounding may exist. Thus, multiple logistic regression analysis after adjusting for age, sex, BMI, physical activity status, smoking habits and family history of CRC revealed that: the higher the number of meals daily, the lower the likelihood of having CRC; drinking 4-5 cups of coffee/d was associated with a higher likelihood of having CRC as compared with no drinking; the use of non-stick cookware was positively associated with CRC; and added table salt was positively associated with a higher likelihood of CRC (model 1, Table 2 ). However, when the MedDietScore was added in the model in order to account for overall dietary habits, the effect size of the aforementioned associations was reduced slightly (model 2, Table 2 ). None of the other dietary behavioural characteristics studied here (i.e. times of fast food consumption per week, consumption of meat products highly preserved in salt like ham, bacon and sausages, tea drinking, intake of vitamin or other dietary supplements) were associated with CRC. Moreover, physical activity status was not associated with CRC (OR 5 0?90, 95 % CI 0?58, 1?39, P 5 0?63). At this point it should also be mentioned that the MedDietScore was highly inversely associated with the likelihood of having CRC (OR 5 0?89, 95 % CI 0?84, 0?94, P , 0?001); the corresponding C-statistic was 0?760 (P , 0?001).
Evaluation of the modified-MedDietScore in relation to colorectal cancer According to the aforementioned analysis, the number of meals daily, daily coffee intake, use of non-stick cookware and use of added table salt were significantly associated with CRC; therefore they were included in the diet and nutrition behaviour score, the modified-MedDietScore. The mean value of the modified-MedDietScore was much lower for CRC cases as compared with controls (39?0 (SD 4?5) v. 41?5 (SD 4?6), P , 0?001).
Each one of the aforementioned variables was consecutively added in the MedDietScore and logistic regression models were estimated, adjusted for age, sex, BMI, physical activity status, smoking habits and family history of CRC (Table 3) . As can be seen in Table 3 , the first variable added in the initial MedDietScore was the number of meals consumed daily. Adding this variable, the new modifiedMedDietScore (MedDietScore1number of meals) had a good classification rate (C-statistic 5 0?769, P , 0?001), while a 1-unit increase in value of the modified-MedDietScore was now associated with 13 % lower likelihood of having CRC. The second variable added in the modified score was the daily intake of cups of coffee. The correct classification rate was improved (C-statistic 5 0?772, P , 0?001), with a 1-unit increase in the modified-MedDietScore being associated with 14 % lower likelihood of having CRC. The next variable added to the modified-MedDietScore was the use of nonstick cookware; the correct classification rate was further improved (C-statistic 5 0?791, P , 0?001). The last variable added was the use of table salt and the correct classification rate was further improved slightly (C-statistic 5 0?792, P , 0?001). The order of the variables added in the basic score was according to their significance in the exploratory analysis. Finally, data analysis showed that a 1-unit increase in the latest version of the modified-MedDietScore was associated with 13 % lower odds (P , 0?001) of having CRC (Table 3) .
Discussion
In the present work the association between certain nutritional behaviours and CRC was evaluated separately as well as in the context of the Mediterranean diet. The number of meals consumed daily, coffee drinking, added table salt consumption and non-stick cookware use were associated with CRC. Moreover, a diet and nutrition behaviour score, the modified-MedDietScore, was also presented here.
Comparing the new modified-MedDietScore with its initial version, it should be mentioned that there was an increase in its discriminating ability, suggesting that the inclusion of the aforementioned behaviours seems to confer a better understanding of the relationship between diet and CRC. According to the 2007 second expert report of the World Cancer Research Fund/American Institute for Cancer Research, a dietary pattern close to that of the Mediterranean diet (i.e. a dietary pattern emphasizing fruits and vegetables, whole grains, legumes, nuts, seeds and low-fat dairy products) could be recommended for all people at risk of cancer and cancer survivors (10) . Comparing the first expert report in 1997 and the latest, it is obvious that the 'protective' or 'detrimental' effect of specific food groups or components was downgraded from 'convincing' to 'probable'. Both considerations and the holistic approach of nutrition developed in the last decades indicate that neither a single nutrient nor a single dietary pattern is able to explain the epidemiology of chronic diseases. It is more evident nowadays that not only what people eat, but also the frequency with which people consume food, how it is preserved and cooked have an effect on their health status. Combining dietary and nutritional behaviour information in relation to CRC is an area of much interest since data are limited and the nutritional epidemiology of this type of cancer is not clear.
It has been reported that having frequent meals is related to better lifestyle and dietary status and better glycaemic control (17) , whereas, in contrast, a small number of meals (i.e. less than three daily) has been associated with smoking, higher alcohol consumption, lower leisure-time physical activity (17, 31) , increased visceral fat and insulin resistance (32) . Insulin is considered to increase insulin-like growth factor (IGF)-I. Insulin and IGF-I receptors have been found in both normal and malignant cells of human colonic mucosa, and thus insulin and IGF-I can stimulate their proliferation. Moreover, circulating levels of IGF-I and -II and IGF-binding protein (IGFBP)-III, which modulates access of IGF-I to IGF receptors, were related to subsequent CRC risk (16) . The high levels of C-reactive protein, TNF-a and IL-6 that are observed in the plasma of obese individuals have been associated with the development of insulin resistance, elevated plasma levels of insulin and IGF-I, and low levels of IGFBP. In vitro data showed that exposure of colorectal cancer cells to insulin, IGF-1 and TNF-a led to increased rates of proliferation and impaired apoptosis, both of which favour tumorigenesis (33) . Recent reports indicated that leptin, a secretory product of adipocytes, also present in abnormally high levels in the plasma of obese people, promotes mitosis and suppresses apoptosis in colonic epithelial cells (34) . Moderate coffee consumption has been associated with reduced risk for CRC in some case-control studies (13) (14) (15) , whereas cohort studies showed inconsistent results; animal studies on the effects of coffee constituents, such as caffeine, kahweol and cafestol, on colon tumorigenesis have also shown conflicting results. Based on these data Table 3 Results from logistic regression analyses that evaluated the association of the modified-MedDietScore with colorectal cancer (CRC) in a sample of CRC cases (n 250) and controls group-matched for age and sex (n 250), Athens, Greece, December we decided to assign the greater value (most protective effect) to moderate coffee consumption of 2-3 cups/d (35) . Added table salt is well documented to play a role in CVD as well as in metabolic syndrome. Although a lowsodium diet is beneficial for overall health, added salt is not related to cancer, in spite the fact that salted foods are highly connected to gastric cancer. However, these conclusions came from studies in populations with high consumption of this type of foods (20) . Our data revealed that Greek people rarely consume salted foods (only 6 % reported a consumption frequency of once per week) and intake of other processed food of animal origin high in salt was not correlated to increased risk, while the major source of salt was table salt. High sodium intake is responsible for hypertension, metabolic syndrome and CVD (36) , and there are some preliminary data that it might be connected to elevated systemic inflammation (37) ; which all indicates that table salt may have a secondary contribution to CRC epidemiology through the promotion of the aforementioned diseases.
Finally, the frequency of use of non-stick cookware is considered to be related to CRC by two possible pathways. The first one represents the way the foods are prepared. Non-stick cookware is used in hazardous cooking methods (i.e. broiling, frying, grilling or barbecuing) at high temperatures mainly for meat, poultry or fish. All of these procedures are strongly related to the formation of HCA. Moreover, the degree of browning (lightly, moderately, strongly or extremely browned) increases the formation of HCA (22) and Greek people most of the time consume welldone meat. PAH are also produced when meat is cooked at high temperature as a result of the pyrolysis of fat. Both have been found to interact with the polymorphisms in carcinogen-metabolizing enzymes. Evaluating the genetic variants in fifteen enzymes involved in the metabolism of carcinogens in overcooked meat (cytochrome P540, glutathione-S-transferase, UGT-glucuronosyltransferases, SULT, NAT, mEH, AHR), CYP2C9 and NAT2 variants were associated with CRC risk. Red meat intake was associated with increased CRC risk regardless of genotype, but CYP1B1 combined variant and SULT1A1-638G.A variant significantly modified the association between red meat doneness intake and CRC (38) . The second possible pathway implicates the composition of this type of cookware. The coating is usually Teflon, which contains PFOA and PFOS, both suspected carcinogens, and the possible mechanism is the generation of oxidative stress (21) . Although they are considered to be environmental risk factors and the main source for human consumption is through water contamination, a recent Greek study revealed no differences in the blood levels of PFOA and PFOS between three groups: one semi-urban (from Athens), one rural and one of cancer patients, and showed that these concentrations are in line with those in other European countries (39) . These data allow us to consider non-stick cookware as another major available source. Data from animal studies support that both of these chemicals can cause several types of tumour and may have many toxic effects on the immune system, liver and endocrine system. Moreover, PFOA has been found to be associated with increased blood cholesterol, but all of the above data are sparse in human subjects (40) . One of the strengths of the present study is that it proposes, for the first time, a dietary score containing variables not only representative of a dietary pattern, but also dietary behaviours related to everyday practice. More and more research is being done in the field of how foods are preserved and which cooking methods are used. It is more than obvious that public health promotion is strongly related not only strictly to dietary guidelines, but also means the provision of appropriate food managing practices. Our innovation is in accordance with the latest guidelines on food and nutrition for the prevention of cancer (10) . The advantages of using diet scores to allocate the high-risk individuals are also of considerable importance for public health. The present work could be described as the combination of theoretical knowledge on nutrition aspects and how they correlate with cancer prevalence, as well as information on dietary behaviours and how they might influence the role of nutrition and food in cancer epidemiology. Based on the globally increasing numbers of new cancer cases (with CRC taking the third place in Western countries) and cancer survivors, it is of great importance to propose a reliable, validated and easy-to-use dietary score in order to discriminate people at high risk for the development or recurrence of cancer (CRC in our case). Moreover, the proposed score incorporates all current knowledge about the development of such indices, i.e. the large scale of the components scoring system, the lack of a high level of intra-correlation between them and the good level of inter-correlation with the studied outcome. The major limitation of the present study is the recall bias, as in all case-control studies. However, an effort was made to minimize this limitation by choosing newly diagnosed patients and enrolling all necessary participants within a small period time, approximately 12 months. Moreover, the people who collected the data were trained, limiting the bias between investigators. It should also be mentioned that, like in all case-control studies, our findings cannot support a causative association between dietary factors and CRC, but can set the hypotheses for further investigations, mainly cohort studies.
Conclusions
Certain nutritional behaviours seem to confer a better understanding of the relationship between diet and CRC. Moreover, the inclusion of these behaviours in the context of a healthy dietary evaluation instrument, the modified-MedDietScore, showed it to be a promising prescreening tool, able to better allocate people at high risk for developing CRC. Thus, it could be used by health practitioners in primary and secondary prevention as a cost-effective and feasible approach.
